Background. Breast surgery for stage IV breast cancer remains controversial. The aim of this study was to investigate the impact of breast surgery on survival of stage IV breast cancer patients based on the Surveillance, Epidemiology, and End Results (SEER) database from 2010 to 2015. Methods. In total, 13,034 patients were selected and divided into surgery and nonsurgery groups. Univariate and multivariable analyses were conducted to determine factors related to survival. Propensity score matching method was utilized to achieve balanced covariates across different groups. One-to-one (1:1) PSM was conducted to construct a matched sample consisting of pairs of surgery and non-surgery subjects. Breast cancer-specific survival (BCSS) and overall survival (OS) of the two groups were assessed by Kaplan-Meier plots and Cox proportional hazard regression models. Stratified analysis according to different variables was also performed. Results. Patients treated with breast surgery were more likely to be younger, smaller tumor size, more advanced nodal status, higher histology grade and higher proportion of bone-only metastasis. Those who received chemotherapy and radiotherapy also tended to be treated with surgery. After adjustment for potential confounders, breast surgery group exhibited a better survival both in BCSS (HR = 0.557, 95% CI [0.523-0.594], p < 0.001) and OS (HR = 0.571, 95% CI [0.537-0.607], p < 0.001). After propensity score matching, the surgery and non-surgery group consisted of 2,269 patients respectively. The median survival time was 43 months for the surgery group and 27 months for the non-surgery group. Kaplan-Meier curves indicated that breast surgery could clearly improve both the BCSS and OS for patients with stage IV breast cancer. On multivariate analysis, surgery group was associated with a better survival compared with the non-surgery group (BCSS: HR = 0.542, 95% CI [0.499-0.589], p < 0.001; OS: HR = 0.555, 95% CI [0.512-0.601], p < 0.001). Furthermore, this survival advantage persisted in all subgroups irrespective of age, race, tumor size, nodal status, histology grade, molecular subtype, chemotherapy status, radiotherapy status or status of distant metastasis. Conclusion. Our study provided additional evidence that patients with stage IV breast cancer could benefit from breast surgery and it might play a more important role in multimodality therapy.
INTRODUCTION
Stage IV breast cancer (BC) refers to the tumor which has disseminated to distant sites. It is estimated that 3-25% of female breast cancer patients might have metastatic disease at presentation (Siegel, Miller & Jemal, 2019; Miller et al., 2017; Eng et al., 2016a; UngerSaldaña, 2014) .
The main purpose of treatment for de novo stage IV breast cancer is to alleviate symptoms, improve the quality of life and prolong survival (Sanchez-Munoz et al., 2008) . Advances in systemic treatment have greatly improved the control of metastatic disease and prolonged survival (Dawood et al., 2015; Corona et al., 2017) . Therefore, the utility of breast surgery has become a question worth discussing. Several retrospective studies have demonstrated that local surgery was associated with a better survival in women with metastatic breast cancer (AlJohani et al., 2016; Warschkow et al., 2016; Thomas et al., 2016; Arciero et al., 2019) or in specific subgroups (Rashaan et al., 2012) . However, results from three prospective randomized trials have revealed discordant results with conflicting data (Fitzal et al., 2019; Soran et al., 2018; Badwe et al., 2015) . In addition, it is noted that the act of surgery might accelerate metastatic growth and have an adverse effect on survival (Gunduz, Fisher & Saffer, 1979; Al-Sahaf et al., 2010; Retsky et al., 2004) . Therefore, most guidelines still recommend surgical intervention in palliative situations or selected patients after response to initial systemic therapy.
To date, the role of surgery for de novo stage IV breast cancer patients is still ambiguous and no consensus exists. Accordingly, we conducted this propensity score matching analysis to investigate the impact of breast surgery on survival of stage IV breast cancer patients with data from a large population-based database (the Surveillance, Epidemiology, and End Results, SEER) collected from 2010 to 2015.
MATERIAL AND METHODS

Study patients
We performed a retrospective study of women with an initial diagnosis of stage IV breast cancer who were recorded in the SEER*Stat version 8.3.4 database from 2010 to 2015 to ensure complete data and adequate follow-up duration. SEER database collects and publishes cancer incidence and survival data from population-based cancer registries covering about 30% of the population of the United States. According to the SEER program, the initial de novo IV stage breast cancer is defined if metastases are diagnosed in the first four months after the diagnosis. In our study, we analyzed age, race, histological grade, tumor size, nodal status, breast subtype, surgery status, type of surgery, chemotherapy status, radiation status and status of distant metastasis.
All subjects who received surgical treatment related to the primary tumor (masctomy or breast conserving surgery) were included in the surgery group. Patients who did not receive any resection of their primary tumor were categorized as not having surgery. The SEER database only provided information on radiotherapy administration (postoperative external beam radiotherapy or no radiotherapy/unknown), while it did not specify the site of radiotherapy. Therefore, the site of the surgery was the primary site (breast) and the site of the radiotherapy after the surgery could be the primary site and/or metastatic sites (such as bone). Information about the chemotherapy status was defined as ''Yes'' or ''No/Unknown'', while the regimen of chemotherapy was not supplied. In addition, the data about the anti-HER2 targeted therapy and endocrine therapy was also not specified.
The SEER database offered only the first course treatment information at the time of diagnosis and did not provide treatment information after relapse or progression. Therefore, all treatments in this study were the first course treatment after being diagnosed with stage IV breast cancer. In order to assess the effect of status of distant metastasis on survival, we divided those patients into bone-only metastasis group and visceral metastasis group, the bone-only metastasis group was defined according to the site of metastasis (bone metastasis: ''Yes''; brain, liver or lung metastasis: ''No'').
Statistical analysis
Continuous variables were summarized as median (and range) and were transformed into dichotomous variables at the median value. P-values for comparisons of different variables were calculated by chi-squared (χ 2 ) test or Fisher's exact test. Among women diagnosed with stage IV disease, we sought to compare the overall survival (OS) and breast cancer specific survival (BCSS) between patients who did and did not receive surgical treatment for their primary tumor. The median survival time was also calculated. Kaplan-Meier survival curves were generated to compare differences in survival probabilities over time between the surgery and non-surgery groups. Univariable and multivariable Cox regression models were used to describe the associations between surgery and risk of death. To account for large sample size, we selected the variables with p < 0.05 which were significantly associated with BCSS or OS in the univariable analysis. One-to-one (1:1) PSM was conducted to construct a matched sample consisting of pairs of surgery and non-surgery subjects by optimal matching algorithm. Variables that were significantly different between the two groups were utilized to generate propensity scores. Specifically, we also conducted a stratified analysis with respect to BCSS and OS by age, race, tumor size, nodal status, grade, molecular subtype, chemotherapy status, radiotherapy status and bone-only metastasis or no. Psmatch2 module was used to perform propensity score matching in Stata version 13.0 (SAS Institute Inc., Cary, NC, USA). Other statistical analyses were performed with Statistical Package for the Social Sciences (SPSS, version 24.0) for Windows (IBM, Chicago, IL, USA), with a two-sided P value of less than 0.05 considered statistically significant.
RESULTS
Clinicopathological characteristics of the selected patients
In total, 13,034 patients with a diagnosis of stage IV breast cancer between 2010-2015 who had complete information of breast surgery were included in this study. The patient selection flow-chart was displayed in Fig. 1 . As shown in Table 1 , 9,151 (70.2%) patients did not receive surgery and 3,883 (29.8%) were treated with surgery. There were significant differences between these two groups. Patients treated with breast surgery were more likely to be younger, smaller tumor size, more advanced nodal status, higher histology grade and higher proportion of bone-only metastasis. Furthermore, those who received chemotherapy and radiotherapy also tended to be treated with surgery.
Comparison of survival between the surgery and non-surgery groups in all patients
After the baseline characteristics were summarized, we used the Cox proportional hazards model to investigate the effect of baseline characteristics on survival outcomes. A univariable analysis indicated that older age, more advanced T or N stage, higher histology grades, triple negative breast cancer, visceral metastasis, an absence of chemotherapy or radiotherapy and patients without surgery were significantly associated with a worse BCSS and OS (p < 0.001) (Table S1 ). Furthermore, we included all variables mentioned earlier in the multivariable analysis. After adjustment for potential confounders, breast surgery was identified as an 
Survival analysis in matched groups
To further evaluate the detected differences between breast surgery and non-surgery groups, we performed a 1:1 matched case-control analysis using the propensity score matching method. Propensity score matching between the surgery and non-surgery groups was conducted by all variables (age, race, T and N categories, histology, grade, molecular subtype, chemotherapy or radiation status, bone-only metastasis or not). After PSM, the surgery and non-surgery group consisted of 2,269 patients respectively. No statistical differences were observed between the two groups. Kaplan-Meier curves of the BCSS and OS in the surgery and non-surgery groups after PSM are presented in Fig. 2 . Breast surgery clearly improved both the BCSS and OS for patients with de novo stage IV breast cancer. The median survival time was 43 months for the surgery group with 27 months for the non-surgery group. Univariable and multivariate analysis using the Cox proportional hazards model was also performed, with the relevant results shown in Table S2 and Table 3 
Stratified survival analysis
Furthermore, we performed a stratified analysis according to different variables in 1:1 matched groups. The Kaplan-Meier survival function was used to generate Figs. 3 and 4 in the hierarchical analysis, which represent the overall survival between surgery and non-surgery patients with different tumor size, nodal status, molecular subtypes and status of distant metastases. The median survival time for hormone receptor positive HER2 negative (HR + HER2-) and triple negative (TNBC) subtype was 47 months (surgery) vs. 32 months (non-surgery) and 16 months (surgery) vs. 11 months (non-surgery) respectively. While for bone-only metastasis and visceral metastasis patients, the median survival time was 52 months (surgery) vs. 36 months (non-surgery) and 36 months (surgery) vs. 22 months (non-surgery) respectively. Table 4 shows the hazards ratio (HR) and 95% confidence interval (CI) of the surgery group, which was determined by Cox regression analysis contrasted with that of the non-surgery group. Breast surgery was indicated to significantly reduce mortality risk regardless of tumor size, nodal status, molecular subtype or status of distant metastasis. Similarly in other subgroups (Fig. 5) , surgery also presented a more favorable overall survival irrespective of age, race, histology grade chemotherapy status or radiotherapy status.
Multivariate analysis for patients in the surgery group
We also performed a multivariate analysis by Cox proportional hazards model for patients with breast surgery in 1:1 matched groups (Table 5 ). For both BCSS and OS, older age, more advanced T stage, higher histology grades, triple negative breast cancer, visceral metastasis and an absence of chemotherapy presented a worse prognosis. N stage and type of surgery (masctomy or breast conserving surgery) remained irrelevant to the survival 
DISCUSSION
In this large population-based cohort study, we sought to reveal the distinct outcomes of stage IV breast cancer with or without surgical intervention based on the SEER populationbased data. Our findings indicated that the surgery group was associated with a better survival compared with the non-surgery group (BCSS: HR = 0. (Lane et al., 2019) . The primary aim of treatment is to alleviate symptoms, improve the quality of life and prolong survival. In clinical practice, the majority of patients with de novo stage IV breast cancer are recommended to receive systemic therapy including chemotherapy, anti-HER2 therapy or endocrine therapy. Surgery is mainly considered when there is tumor bleeding or ulceration (Arnedos et al., 2015) . Earlier studies also suggested that the growth of distant metastases could be stimulated by removal of primary tumor. Surgical intervention could reduce angiostatin secretion and stimulate the release of growth factors, thus accelerating metastatic growth and presenting an adverse effect on survival (Gunduz, Fisher & Saffer, 1979; Al-Sahaf et al., 2010; Retsky et al., 2004; Folkman, 1996) . However, other experimental studies in the murine model indicated that substantially reducing overall tumor burden with local surgery could lead to improved survival (Rashid et al., 2013) . This might be explained by 
Notes.
Abbreviation: HR, hazard ratio; CI, confidence interval; BCSS, breast cancer-specific survival; OS, overall survival; HR, hormone receptor; HER2, human epidermal growth factor receptor 2; TNBC, triple negative breast cancer. a The P value was adjusted by the multivariate Cox proportional hazard regression model. the primary tumor's suppression of the immune response and its surgical removal could result in restored immunocompetence (Danna et al., 2004) .
Therefore, the utility of surgical intervention in this population has long been debated. Multiple retrospective studies have revealed the potential benefit with surgery (AlJohani Full-size DOI: 10.7717/peerj.8694/ fig-3 et al., 2016; Warschkow et al., 2016; Thomas et al., 2016; Arciero et al., 2019; Rashaan et al., 2012; Gnerlich et al., 2007; Quinn et al., 2015; Leung et al., 2010; Blanchard et al., 2008; Eng et al., 2016b) . The most recent study based on the SEER database (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) proposed a survival advantage with surgical intervention (median overall survival, 34 months for surgery vs. 18 months for non-surgery) (Vohra et al., 2018) . However, the data about HER2 status in this study were incomplete and no stratified analysis was conducted. One study based on NCDB database also noted a benefit for stage IV breast cancer patients with surgery (Arciero et al., 2019) . In a large cohort of 11,694 patients, an improved overall survival was observed for the surgery group compared with the non-surgery group after propensity score matching (HR = 0.68, 95% CI [0.63-0.72], p < 0.001). These conclusions are similar to the results in our study, providing consistent evidence from registry-based retrospective studies that well-selected patients with de novo stage IV breast cancer who undergo surgical intervention could obtain a better survival. In spite of the evidence in several retrospective studies, supportive prospective analyses still lacked. Fitzal's study (ABCSG-28 POSYTIVE) enrolled 90 previously untreated stage IV breast cancer patients and randomly assigned them to surgical resection followed by systemic therapy group or primary systemic therapy group (Fitzal et al., 2019) . This trial was stopped early due to poor recruitment and the median overall survival for surgery and non-surgery group was 34.6 and 54.8 months respectively (HR = 0.691, 95% CI [0.358-1.333]; p = 0.267). MF07-01 trial (Soran et al., 2018 ) is another prospective, multicenter, phase III, randomized trial to focus on the impact of breast surgery on the survival of de novo stage IV BC patients. In this study, one group received sequential systemic therapy after primary surgery and the other group only received systemic therapy alone. Local surgery did not gained a survival advantage after 3 years of follow-up. But after 5 years of follow-up, patients with local surgery achieved a better overall survival (HR = 0.66, 95% CI [0.49-0.88]; p = 0.005). Unplanned subgroup analyses indicated that the survival benefit of breast surgery presented in patients with younger age (<55 years), ER/PR positive, HER2 negative or solitary bone-only metastases. Although these findings identified the therapeutic value of breast surgery and suggested several factors such as molecular subtype or metastatic site that should be taken into consideration, controversy still existed for the procedure of surgical resection followed by systemic therapy did not accord with the clinical practice now. The other prospective trial by Badwe et al. (Badwe et al., 2015) to the fact that only few patients enrolled received paclitaxel-based chemotherapy and most of HER2 positive patients did not take anti-HER2 therapy.
Our current study of the SEER database provided strong retrospective data of breast surgery in stage IV breast cancer. It is expected that patients with lower disease burden and better prognostic factors such as ER+HER-subtype or bone-only metastasis are more likely to undertake surgery, thereby resulting a better prognosis. In a matched paired retrospective analysis, it is noted that selection bias in stage IV breast cancer could affect the survival outcomes (Cady et al., 2008) . Therefore, propensity score matching analysis was applied in our study to balance covariates in different groups and reduce selection bias. The results of propensity score matching indicated that surgical intervention obtained a significant survival benefit. Furthermore, patients with surgery were shown to significantly reduce mortality risk in different subgroups, regardless of age, race, histology grade, tumor size, nodal status, molecular subtype, chemotherapy status or status of distant metastasis, suggesting that breast surgery might have independent therapeutic value to improve survival in stage IV breast cancer. However, one point that should be mentioned is a relatively poor survival for stage IV triple negative breast cancer (TNBC) patients. The median survival time for TNBC patients was 16 months (surgery) vs. 11 months (non-surgery) respectively. Although surgical intervention revealed a better survival outcome, whether these patients should received surgery required further discussion. For patients with breast surgery, we also performed a multivariate analysis. Type of surgery (masctomy or breast conserving surgery) remained irrelevant to the survival, while radiotherapy was identified to be a significantly favorable factor both in BCSS and OS (HR = 0. Stage IV breast cancer is a group of highly heterogeneous disease. Advances in systemic treatment have greatly improved the control of metastases disease. Five-year disease special survival of de novo breast cancer has been improved from 28% (1990-1998) to 55% (2005-2010) (Malmgren et al., 2018) . Therefore, local treatment might play a more important role than conventionally considered in metastatic breast cancer patients. However, several limitations should also be mentioned in our study. Firstly, although propensity score matching analysis was utilized, selection bias (regarding the retrospective design) and guarantee time bias (those who do not live long enough to undergo surgery are classified to the no-surgery group) still existed. Secondly, information about anti-HER2 targeted therapy and endocrine therapy is absent, while the regimen of chemotherapy and the exact site of radiotherapy (primary tumor or metastasis site such as bone) are also unavailable from the SEER database. Data on performance status and comorbidities are also not presented for they are vital as these could be the factors that prevailed in surgery decision-making process. Thirdly, the status of disease burden is incomplete (SEER database does not provide the number of metastases, but only with the information of the major sites, such as bone, lung, liver, brain and distant lymph nodes). In addition, a possibility of late diagnosis of metastatic disease could also impact the interpretation of the results (For in SEER database, the initial de novo breast cancer is defined if metastases are diagnosed in the first four months after the diagnosis). Lastly, we could not determine the timing of surgery for patients included, whether the breast surgery was performed after systemic treatment or at initial diagnosis is also unknown.
CONCLUSION
Our study provided additional evidence that patients with stage IV breast cancer could benefit from surgical treatment. Future multicenter, large-scale prospective studies with long-term follow-up are still warranted.
